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(54) Radio telephone with power saving 

(57) A receiver for a radio telephone is disclosed 
comprising receiving means for receiving a signal com- 
prising multi-stage encoded information. The receiver 
further comprises means for recognising information 
from the multi-stage encoded information or first stage 
decoded information, and control means for enabling a 
quiescent mode for the receiver in accordance with a 
recognition result. 
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Description 

The present invention relates to a receiver, and 
method for operation thereof, for a radio telephone. 

Radio telephones, in particular battery powered 
hand portable telephones, have been designed to be 
smaller and more lightweight than ever before. This is 
due to user requirements for small, lightweight mobile 
terminals. However, users also require longer periods 
of use of the mobile terminals before the battery requires 
replacing or recharging. This requirement is in conflict 
with the requirement that mobile terminals are small and 
lightweight, since a battery's current capacity is propor- 
tional to its weight and/or volume. Thus, in order to in- 
crease the time period of operation of a mobile terminal 
between recharging or replacing of a battery, effort has 
been made to reduce the power consumption of the mo- 
bile terminal, as well as attempting to increase the power 
to weight (volume) ratio of the batteries for the mobile 
terminal. 

For a mobile terminal there are two distinct modes 
of operation, each characterised by different power con- 
sumption levels. In the first mode, known as an "in call" 
mode, power consumption is high since the mobile will 
be periodically transmitting up to 0.8 watts of power for 
a Class III PDC hand portable for example. The second 
mode is the "standby" mode. In this mode the mobile 
terminal operates on a low current consumption for in- 
ternal housekeeping of the mobile terminal such as a 
clock, only periodically "waking up" to receive informa- 
tion signals such as paging information from a base sta- 
tion of the radio telephone network. Even when receiv- 
ing signals the power consumption of the mobile termi- 
nal is much lower than when it is transmitting. 

Typically, a user of a mobile telephone does not 
make many calls, and if they do they accept high power 
consumption. However, users are concerned with the 
length of standby time, and this is an important market- 
ing feature of a mobile terminal. 

Figure 6 shows a typical radio telephone. The port- 
able radio telephone shown in Figure 6 is a cellular tel- 
ephone 1 powered by a rechargeable battery pack. The 
telephone 1 includes a transceiver 8 comprising a re- 
ceiver and transmitter and ail the other features 9 con- 
ventionally found in a cellular telephone. Also, since 
these aspects of the telephone are not directly relevant 
to the instant invention no further details will be given 
here, except to say that a single microprocessor 4 is em- 
ployed to control all the basic functions of the telephone 
1 and to control the keypad and display functions. 

Optionally, however, the telephone functions may 
be controlled by a master microcomputer, while the key- 
pad and display functions are under the control of a sep- 
arate slave microcomputer coupled to communicate 
with the master microcomputer. 

The user-interface of telephone 1 comprises a dis- 
play, e.g. a liquid crystal display 5, itself well-known in 
the art and a keypad 6 on the front of the telephone 1 . 



the display is coupled to and regulated by the microproc- 
essor 4 in the usual manner. The keypad 6 essentially 
comprises two main sets of keys, namely alpha numeric 
keys 6a associated with alpha numeric data especially 
5 for dialling telephone numbers, but also (optionally) lor 
entering alphanumeric data into the telephone memo- 
ries, e.g. a subscriber number index, and a set of func- 
tion keys 6b for enabling various predetermined func- 
tions or operations. 

The keys 6a are arranged in four rows of three keys 
each. As is conventional for the numeric key layout of a 
telephone, the top row comprises keys for numbers 1 , 
2 and 3 respectively, the second row down for numbers 
4, 5 and 6 respectively, the next row down for numbers 
7, 8 and 9 respectively, and the bottom row for *, 0 and 
# respectively. Some or all of these keys may also be 
associated with alphabet information, as again is quite 
conventional. The alphabetic rather than numeric data 
is selected for example by preceding the alphanumeric 
keystroke with another predetermined keystroke or set 
of keystrokes, specifically using the function keys. 
Hence the alphabetic data mode may be enabled for ex- 
ample by preceding the particular keystroke with previ- 
ously depressing a "MEMORY" or "STORE" key dis- 
posed among the function keys 6b. 

As is usual in cellular telephones, the keys 6b in- 
clude a "SEND" and "END" key for respectively initiating 
and terminating a telephone call. Another key, specifi- 
cally located in the top left-hand corner is an "ON/OFF" 
key for turning the telephone on and off, i.e. by connect- 
ing and disconnecting the battery pack power supply. 
Another of the function keys may be a menu or function 
key labelled, for example, "MENU" or "FUNCTION" or 
with a suitable abbreviation thereof. Depression of this 
key enables a variety of pre-set menus, the related in- 
structions of which are stored in memory, to be viewed 
and selectively enabled. The various menus are select- 
ed by depressing the appropriate alphanumeric keys af- 
ter depressing the "MENU" or "FUNCTION" key. The rel- 
evant menu is shown to the user in words or abbrevia- 
tions on the display panel 5. 

According to a first aspect of the present invention, 
there is provided a receiver for a radio telephone, com- 
prising receiving means for receiving a signal compris- 
ing multi-stage encoded information, means for recog- 
nising information from the multi-stage encoded infor- 
mation or first stage decoded information, and control 
means for enabling a quiescent mode for the receiver 
in accordance with a recognition result. 

According to a second aspect of the present inven- 
tion, there is provided a method of receiving multi-stage 
encoded information signals for a radio telephone re- 
ceiver, comprising 

recognising information from the multi-stage encod- 
ed information or first stage decoded information, 
and 

enabling a quiescent mode for the receiver in ac- 
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cordance with a recognition result. 

This has the advantage that the receiver need only 
be turned on if there is the likelihood that the incoming 
signal requires a response or acknowledgement from s 
the mobile terminal. Thus, the receiver is only kept on 
when required. This results in a substantial saving in 
power consumption. 

In a preferred embodiment the means for recognis- 
ing information comprises means for deriving informa- to 
tion from the multi-stage encoded information or a first 
stage decoded information, and comparing means for 
comparing derived information with predetermined in- 
formation, the quiescent mode being enabled in accord- 
ance with a comparison result, and in a second aspect 75 
recognising information comprises deriving information 
from the multi-stage encoded information or first stage 
decoded information, comparing the derived informa- 
tion with predetermined information, and enabling the 
quiescent mode in accordance with a comparison result. 20 

Preferably, the predetermined information is a bit 
pattern, and the deriving means derives information bit 
by bit. In a second aspect information is derived bit by 
bit. This has the advantage that information can be de- 
rived quickly on a bit by bit or collection of bits basis, for 25 
example block by block. 

Additionally, in a first aspect the comparing means 
compares the derived information bit by bit with the pre- 
determined bit pattern, and in a second aspect the de- 
rived information is compared bit by bit with the prede- 30 
termined bit pattern. Thus, the receiver can be put into 
a quiescent or low power mode quickly if the information 
is not of interest. 

The first stage decoded information is derivable af- 
ter de-scrambling the received signal. Optionally, the 35 
predetermined information is adaptable in accordance 
with a scrambling process, and the information is deriv- 
able from the received multi-stage encoded information 
signal. 

Suitably, the received signal is a paging control 40 
channel message. Thus, in standby mode a receiver is 
only turned on when expecting a message, and only for 
a duration during which it detects a likelihood of there 
being a paging message for it. 

The Applicant believes that the utilisation of the 45 
present invention in standby mode for the reception of 
paging channel messages may result in up to 30% in- 
crease in standby time for a given power source (e.g. 
battery type). 

The paging control channel message is indicative so 
of a paging message being present in the received sig- 
nal. Alternatively, the paging control channel message 
is indicative of no paging messages being present in the 
received signal. 

The received signal may be an actual page, and in 55 
standby mode a receiver is only turned on when the pag- 
ing message includes a page for that receiver. 

Embodiments of the invention will now be de- 



scribed, by way of example only, and with reference to 
the accompanying drawings, in which: 

Figure 1A shows a schematic diagram of a super- 
frame structure for the RCR-27 system; 

Figure 1 B shows a schematic diagram for a control 
channel structure; 

Figure 2 shows a schematic diagram for the slot 
structure for the RCR 27 system; 

Figure 3 shows a standard paging message for the 
RCR-27 system; 

Figure 4 shows a paging message bit pattern for the 
RCR 27 system; 

Figure 5 is a flow chart in accordance with an em- 
bodiment of the invention, and 

Figure 6 is a schematic diagram of a radio tele- 
phone. 

A typical radio telephone system such as the Jap- 
anese RCR-27 personal digital cellular system, is a 
Time Division Multiple Access (TDMA) system. In such 
a system there are allotted a sequence of time slots, 
each defining a data frame or burst of 6.6 ms duration. 
The sequence format is continuously repeated, and a 
radio telephone is typically assigned to at least one of 
the time slots in the format during which slot it receives 
or transmits information, whilst ignoring signals in the 
other time slots. 

Figure 1A shows the superframe structure 102 for 
a RCR radio telephone system. Each superframe 102 
comprises 36 (0 . 35) frames 106 of 20 ms duration and 7 „ 
each frame 1 06 comprises three time slots 1 04 each of 
6.6 ms duration. From start 108 to finish 11 Oof a super- 
frame 102 is 720 ms. 

The control channel structure is shown in Figure 1 B. 
In this figure only 1 slot 1 04 (e.g. slot 0) from each frame 
106 of a superframe 102 is shown. 

The slots labelled B are reserved for transmitting 
broadcast messages from a base station to radio tele- 
phones. The slots labelled P are paging channels 
(PCH), and those labelled S are Signalling Control 
Channels. The number of each type of slot and their po- 
sition in the control channel are determined by the base 
station parameters A b , A^, Ap, A<. 2 and N p which may 
vary from base station to base station, and network to 
network. 

When a radio telephone registers with a system or 
a new base station, it is assigned one or more slots 1 04 
for receiving paging information. This is known as the 
paging control channel (PCH), and in Figure 1B is 
shown as slot 1 1 2 labelled P. Only one such PCH chan- 
nel is assigned for each radio telephone. During standby 
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mode the radio telephone is in its quiescent or sleep 
state, and only housekeeping functions, such as timers, 
are operable for the radio telephone. The timing during 
the sleep state operates to activate the radio telephone 
during each superf rame 1 02 to enter a receive state co- 5 
incident with the PCH 112. Typically, the receive state 
can account for between 50% to 80% of the power con- 
sumed during the standby mode. 

The structure of slot or burst 104 is shown in Figure 
2. The slot is 6.6 ms in length and at each end 212, 214 to 
there are ramp bits 204. Data is split into two blocks 206, 
separated by a synchronisation (sync.) word 208 and a 
colour code 210. The sync, word 208 is a fixed sequence 
of bits different for respective slots and is used to adjust 
the timing of the radio telephone to the incoming frame is 
or burst 106. The colour code 210 is different for each 
channel and is again a fixed pattern of bits. The colour 
code 210 acts to inhibit co-channel interference. When 
a radio telephone first registers with a base station or 
system, it looks for a control message and uses the 20 
sync, word to sychronise itself with the system and 
records the colour code as indicative of the channel as- 
signed for the radio telephone. 

For a paging control channel (PCH) 104, the data 
in blocks 206 contain information on whether a paging 25 
message is present in the PCH, and to which radio tel- 
ephone the paging message is sent. Respective radio 
telephones are identified by their Mobile Station Identity 
(MSI), which is typically transmitted to the network when 
the radio telephone registers with the network and is as- 30 
signed a PCH. The data in blocks 206 transmitted over 
the physical channel has first been encoded, interleaved 
and then scrambled in a well known manner by the net- 
work before being transmitted to the radio telephone. 
Thus, in order to obtain the paging information the data 35 
has to be de-scrambled, de-interleaved and decoded by 
the mobile station. Since, interleaving and consequently 
de-interleaving are performed on a burst by burst basis, 
the whole 6.6 ms burst has to be received before the 
data can be retrieved. More often than not the retrieved *o 
data indicates that there is no paging message on the 
paging channel, and even if there is, it is not for the radio 
telephone currently described. 

Figure 3 shows a standard paging message for a 
radio telephone system such as the RCR-27 system. 45 
The paging message shown in Figure 3 is before (or af- 
ter) any decoding, de-interleaving, or de-scrambling, 
coding, interleaving or scrambling has been performed 
on it. The bits labelled "1 ' or "0" are fixed for a paging 
message being present on the paging channel and the so 
bits labelled "X" are "don't care" and can vary for each 
message sent. The sequence of bits "1", "0" are fixed 
for indicating that a paging message is present on the 
paging control channel, and thus there is always this 
unique sequence of bits to indicate the presence of a ss 
paging message on the PCH. 

In a first embodiment of the present invention use 
is made of an observed relationship between the se- 



quence of bits prior to coding, interleaving and scram- 
bling a paging message and the sequence of bits after 
de-scrambling the paging message, when a paging 
message is present on the PCH. The sequence of bits 
after de-scrambling is shown in Figure 4. Those bits la- 
belled "V, "0" are fixed and indicate the presence of a 
paging message. The bits labelled "X" are "don't care" 
for the purposes of the present invention and can vary 
from message to message. Since de-scrambling is per- 
formed on a bit by bit basis, not a burst by burst basis, 
each bit "1", "0" of interest of a received PCH message 
can be inspected on a bit by bit basis, and as soon as 
the de-scrambled message departs from the fixed se- 
quence of bits the receiver can be switched into a qui- 
escent mode or low power mode, or even switched off 
since the message does not contain a paging message. 
Thus, the receiver is switched on only for a time period 
in which there is a possibility of a paging message being 
present on the PCH. 

There is a drawback to the foregoing method. If the 
data is corrupted the receiver may interpret the corrupt- 
ed data as indicating that the message is not a paging 
message, even when such a message may be present. 

To overcome this problem, a different sequence of 
bits has been derived by the Applicant which will always 
be present in the de-scrambled message if no paging 
message has been transmitted on the PCH. 

When no paging message is transmitted on the 
PCH, the data before coding, interleaving and scram- 
bling is zero. The Applicant has utilised the relationship 
between the de-scrambled sequence of bits and the se- 
quence of bits for the paging message which would al- 
ways be transmitted for no paging message. Thus, 
again the Applicant is able to inspect the de-scrambled 
message on a bit by bit basis to see if a paging message 
has been sent. 

There is the option of using the first and second de- 
scribed methods individually, or to use a combination of 
the methods to reduce the chance of error. 

Typically, a radio telephone comprises control cir- 
cuitry such as dedicated logic, digital signal processors 
and microcontrollers 4. A receiver of a radio telephone 
may be under the control of such circuitry, and Figure 5 
shows a flow chart for circuitry configured or conditioned 
in accordance with an embodiment of the invention. At 
step 502 the radio telephone enters standby mode, and 
sleeps at step 504. During the sleep the quiescent op- 
erations of the radio telephone monitor the time for the 
next PCH, step 506. If it is determined at step 506 that 
it is time for a PCH then the operation of the circuitry 
proceeds to step 508 where the receiver is activated. At 
step 510 the first bit of the incoming message is de- 
scrambled. The de-scrambled first bit is checked 
against the first bit of the known bit pattern in Figure 4 
which is typically stored in a memory at step 512, and if 
it is correct the operation branches at step 514 to step 
516 where the next bit is de-scrambled. If the decision 
at step 514 is NO then the operation returns to step 504. 
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At step 516 the next bit is de-scrambled and checked at 
step 518 against the next bit is the known bit pattern 
shown in Figure 4. If the bit is incorrect then the process 
branches at step 520 to step 504. If the decision at step 
520 is YES then it is checked at step 522 as to whether 
it is the last bit in the known sequence or not. If the de- 
cision at 522 is NO then the process returns to step 516, 
otherwise a NO decision causes the process to proceed 
to step 524 where the paging message is decoded. 

Although the foregoing description refers to a com- 
parison on a bit by bit basis, a group of bits or even a 
block at a time could be compared. 

The principle of the method shown in Figure 5 can 
be used for either comparing a de-scrambled incoming 
message with the bit pattern which indicates a paging 
message is present, or the bit pattern indicating no pag- 
ing messages are present or with appropriate minor 
modification comparing the de-scrambled incoming 
message with both types of bit pattern. 

In view of the foregoing description it will be evident 
to a person skilled in the art that various modifications 
may be made within the scope of the invention. The de- 
scrambling may be performed taking two or more bits at 
a time, such as a block at a time. 

For example, the comparison with the known bit 
pattern can be carried out before de-scrambling and the 
known bit pattern be configured to have the bit pattern 
for scrambled messages. This can be done by utilising 
the known or assigned colour code and scrambling, for 
example Exclusive Oring, the known bit pattern of Fig- 
ure 4 with the colour code to obtain a scrambled bit pat- 
tern to compare with the received scrambled signal. Em- 
bodiments of the invention are not limited to receiving 
paging messages, but may be used for receiving any 
type of message for which the de-scrambled bit pattern 
can be derived in advance and stored in memory, such 
as an actual page for a particular receiver. Such page 
being that receiver's unique identity. Nor should the in- 
vention be limited to radio telephone messages, but can 
be applied to other communication systems. 

The scope of the present disclosure includes any 
novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be formulated to 
such features during prosecution of this application or 
of any such further application derived therefrom. 



Claims 

1. A receiver for a radio telephone, comprising 

receiving means for receiving a signal compris- 
ing mufti-stage encoded information, 
means for recognising information from the 



multi-stage encoded information or first stage 
decoded information, and 
control means for enabling a quiescent mode 
for the receiver in accordance with a recogni- 
5 tion result. 

2. A receiver according to claim 1 , wherein the means 
for recognising information comprises 

*0 means for deriving information from the multi- 

stage encoded information or a first stage de- 
coded information, and 

comparing means for comparing derived infor- 
mation with predetermined information, the qui- 
'5 escent mode being enabled in accordance with 

a comparison result. 

3. A receiver according to claim 2, wherein the prede- 
termined information is a bit pattern. 

20 

4. A receiver according to claim 3, wherein the deriv- 
ing means derives information bit by bit. 

5. A receiver according to claim 3 or claim 4, wherein 
25 the comparing means compares the derived infor- 
mation bit by bit with the predetermined bit pattern. 

6. A receiver according to any preceding claim, where- 
in the first stage decoded information is derivable 

30 after de-scrambling the received signal. 

7. A receiver according to any of claims 2 to 5, wherein 
the predetermined information is adaptable in ac- 
cordance with a scrambling process, and the infor- 
ms mation is derivable from the received multi-stage 

encoded information signal. 

8. A receiver according to any preceding claim, where-' 
in the received signal is a paging control channel 

^o message 

9. A receiver according to claim 8, wherein the paging 
control channel message is indicative of a paging 
message being present in the received signal. 

45 

10. A receiver according to claim 8, wherein the paging 
control channel message is indicative of no paging 
messages being present in the received signal. 

so 11. A method for receiving multi-stage encoded infor- 
mation signals for a radio telephone receiver, com- 
prising 

recognising information from the multi-stage 
55 encoded information or first stage decoded in- 

formation, and 

enabling a quiescent mode for the receiver in 
accordance with a recognition result. 
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(57) A receiver for a radio telephone is disclosed 
comprising receiving means for receiving a signal com- 
prising multi-stage encoded information. The receiver 
further comprises means for recognising information 
from the multi-stage encoded information or first stage 
decoded information, and control means for enabling a 
quiescent mode for the receiver in accordance with a 
recognition result. 



Fig.5. I STANDBY | -' 502 




I RXON | — ' 



DE-SCRAMBLE 
1ST BIT 



CHECK AGAINST 
KNOWN 
PATTERN 




CORRECT 

YES] 



NO 



DE -SCRAMBLE 
NEXT BIT 



I 518 



52C 



CHECK AGAINST 
KNOWN 
PATTERN 




CORRECT^ 
YES I 



NO>^LASf" 
BIT 




522 



DECODE 
PAGING MESSAGE 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 780 989 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 96 30 9263 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with inch oat ion, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



X 
A 
X 
A 



GB 2 290 399 A (MOTOROLA ISRAEL LTD) 
20 December 1995 (1995-12-20) 

* abstract; figures 1-4 * 

EP 0 473 465 A (AUDI0V0X CORP) 
4 March 1992 (1992-03-04) 

* column 2, line 27 - column 4, line 32; 
figures 2,6 * 



The present search report has been drawn up for all claims 



1-5,8-11 
6,7 

1-3,8-1 
4-7 



H04B1/16 
H04Q7/32 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



H04B 

H04Q 



Ptaoe at March 

THE HAGUE 



D«e el corrpletion et the »earch 

22 March 2000 



Evamner 

Andersen, J.G. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

y : particularly relevant if combined with another 

document of tho same category 
A : technological background 
O : non-written dioclo&uro 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document oited in the application 
L : document oited for other reaeona 

A : member of the tame patent family, corresponding 



2 



EP0 780 989 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 96 30 9263 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

22-03-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



GB 2290399 



20-12-1995 



AU 
AU 
CA 
US 
ZA 



688017 B 
2029995 A 
2150624 A 
5722046 A 
9504437 A 



EP 0473465 



04-03-1992 



US 
CA 
FI 
JP 



5224152 A 
2043118 A 
912298 A 
5095315 A 



s 

t 

i 
2 
o 

Si For more details about this annex see Official Journal of (he European Patent Office, No 12/82 



05-03-1998 
21-12-1995 
12-12-1995 
24-02-1998 
02-12-1996 



29-06-1993 
28-02-1992 
28-02-1992 
16-04-1993 



3 



P AGE BLANK (uspto) 



